Two cell-division-promoting factors, which have partition coefficients of 1.9 and 2.75 determined by 500-tube countercurrent distribution in a butanolwater system, have been repeatedly isolated in this laboratory from crown gall tumor tissues of Vinca rosea L. These substances have been given the trivial names cytokinesin I and cytokinesin II, respectively. Chemical and mass spectrometric analyses suggest that both cytokinesins are substituted hypoxanthines and are thus very different compounds from the 6-substituted adenyl cytokinins. Carlos Miller, using a very different and far more drastic isolation procedure, obtained one main cell-division-promoting factor from these same tumor tissues, which he identified as ribosvl-trans-zeatin. On the basis of this finding, and without an attempt to repeat our studies, questions have been raised by Miller concerning the existence of the cytokinesins as biologically active substances. We have, therefore, compared some pertinent physical, chemical, and biological properties of the cytokinesins with those of zeatin riboside, have demonstrated that these three substances can be cleanly separated from one another bv a number of different methods and that each behaves as a pure substance in the several systems, and, finally, we have shown that the cytokinesins are not contaminated with ribosyl-trans-zeatin and thus do not owe their biological activity to such a contaminant.
We have repeatedly found, with the method developed in this laboratory, that crown gall tumor tissue of Vinca rosea contains two cell-division-promoting factors which have partition coefficients, or K's, of 1.9 and 2.75 in 500-tube countercurrent distribution in a butanol-water system. These two substances, which have been given the trivial names cytokinesin I and cytokinesin II, respectively, have been found to differ in a number of significant respects in their physical, chemical, and biological properties from the 6-substituted adenine cytokinins. Miller (1) , on the other hand, using the same tumor tissue, isolated with his method one main biologically active compound which he identified as ribosyl-transzeatin. Since Miller, using his method, found one main biologically active substance in the tumor tissue and since he has raised questions concerning the evidence that we have presented for the presence and biological activity of cytokinesins in crown gall tumor tissue, we have compared pertinent physical and chemical properties of hydrolyzed and unhydrolyzed zeatin riboside with hydrolyzed and unhydrolyzed cytokinesins I and II, and in the Discussion we have compared the biological activities of zeatin riboside with those of cytokinesins I and II, so that the results obtained in these studies can be placed in proper perspective. EXPERIMENTAL 
METHODS AND RESULTS
The method developed in this laboratory for the isolation of cytokinesins I and II from crown gall tumor tissues has been described elsewhere (2, 3) . About 10 kg of tumor tissue are required to obtain between 1 and 2 mg of each of those growth-regulating substances. Following alcohol extraction, dialysis, mercuric acetate precipitation, column chromatography, and 100-tube countercurrent distribution, the resulting biologically active fraction was further purified in a 500-tube countercurrent distribution using a solvent system of n-butyl alcohol and water. In this system cytokinesin I had a partition coefficient, or K, of 1.9 while cytokinesin II had a K of 2.75. The solvent in tubes showing the bulk of the biological activity was collected in each instance and the compounds were freed of solvent, lyophilized, and chromatographed successively on cellulose thin-layer chromatography (TLC) plates using first water as the solvent and then n-butyl alcoholacetic acid-water (4:1:1). When water was used as the solvent, cytokinesins I and II had RF'S of 0.72 and 0.56, respectively, while their RF'S in n-butyl alcohol-acetic acid-water were 0.62 and 0.82, respectively. The thin bands of UV--absorbing material at the respective RF'S in the second solvent system were carefully removed from the plates, extracted separately in 0.1 N HCl, concentrated under partial vacuum, and finally lyophilized. The biologically active materials were then again partitioned separately in the n-butyl alcohol-water system for 54 transfers in countercurrent distribution to remove impurities present in the cellulose from the thin-layer plates. Both cytokinesin I and II distributed as symmetrical peaks as measured quantitatively by their absorption at 275 nm in a Cary recording spectrophotometer, model 15. The distribution of cytokinesin I in that solvent system has been pictured elswhere (2) . A symmetrical distribution, such as that found for the two eytokinesins, is one criterion for purity of those substances. The two compounds, separated as indicated above, were freed of solvent, lxophilized, and used for all biological assays and for the chemical and physical studies described below.
The biological activity of the two cytokinesins was routinely determined as a function of their cell-division-promoting activity in the standard tobacco pith assay (4) In countercurrent distribution in a n-butyl alcohol-water system, pure zeatin riboside partitioned after 500 transfers to a K of 1.87 which is very close to that found for cytokinesin I but is far removed from cytokinesin II, and no overlap in either specific absorption at 275 nm or biological activity was found between zeatin riboside and cytokinesin II in this solvent system. Zeatin riboside and cytokinesin II were, therefore, cleanly separated by this method.
The RF of pure zeatin riboside, when chromatographed on cellulose-layered TLC plates in the two solvent systems used to separate the cytokinesins, was 0.66 for water and 0.70 for n-butyl alcohol-acetic acid-water. It should be recalled that cytokinesins I and II had RF'S of 0.72 and 0.56, respectively, in water and 0.62 and 0.82 in n-butyl alcohol-acetic acidwater. The three compounds were, therefore, cleanly separated from one another in these solvent systems. When, moreover, the three pure substances were chromatographed together in water they moved to their characteristic RF and separated cleanly from one another, and thus behaved chromatographically as three different and distinct substances. Zeatin riboside could also be cleanly separated from cytokinesin I in a solvent system of methanol (70 ml)-0.1 N HCl (20 ml)-water (10 ml) which gave an RF of 0.75 for cytokinesin I Referring again to the hydrolysate of cytokinesin I, we did not observe any ions above background at m/e 136, 152, or at the m/e values typical of zeatin in the spectra of the eluates from the spot with RF 0.87. In fact, we observed no ions above background in the region m/e 100 to 250 in these spectra. This suggests that guanine, adenine, and zeatin were not present in the hydrolysate of cytokinesin I within our limits of detection.
This negative evidence is strong. We must be more tentative in trying to identify the base which was found in the spot with RF of 0.32. The mass spectrum of this spot is: * m/e Is the ratio of mass to charge. Since most ions observed in a mass spectrum are singly charged, the ratio of mass to charge is usually equal to the mass of the ion. The ion CH6N + would have m/e = 80 and would have a mass of 80 atomic mass units.
Rel
The strong ion at m/e 137 was observed in the CI spectrum of authentic hypoxanthine as described above, but the RF of hypoxanthine in this TLC system is 0.21. Therefore, we suspect that the spot with RF of 0.32 is either an isomer of hypoxanthine or is a substituted hypoxanthine.
Three common isomers of hypoxanthine, 2-hydroxypurine, 6-hydroxypurine, and 8-hydroxypurine, have been examined by paper chromatography in a solvent system similar to ours (8) There is a coincidence between the strong ion at m/e 137 and between the weaker ions at m/e 136, 138, 153, and 177 in the spectra of the unknown TLC spot and of the authentic 1-hydroxyhypoxanthine. We cannot, at this time, explain the other six ions in the spectrum of the unknown. We believe that the coincidence in TLC properties and CI mass spectra for the unknown spot (RF 0.32) from hydrolyzed cytokinesin I and for the authentic 1-hydroxyhypoxanthine suggest that the base of cytokinesin I may be a derivative of hypoxanthine. When the hydrolysate of cytokinesin II was examined by TLC under the conditions outlined above, the two spots were found to have RF'S of 0.21 and 0.39. Under the same TLC conditions, a sample of authentic hypoxanthine had an RF of 0.21. Furthermore, the UV spectrum of the hydrolyzed product of cytokinesin II showed a maximum absorption at 249 nm in dilute acid and a minimum at 215 nm. Authentic hypoxanthine gave the same UV absorption spectrum. Adenine, on the other hand, had a maximum absorption at 262 nm and a minimum at 228 nm under these conditions. This suggests that adenine was not the compound isolated from the hydrolysate of cytokinesin II.
Chemical ionization mass spectra of the material with RF 0.21 from the cytokinesin II hydrolysate showed an ion at m/e 137 whose intensity was significantly greater than background. Control samples were taken from above the spot with RF 0.39, from between the two spots, and from the area at the right hand side of the spot with RF 0.21. These controls were used to establish background levels for the intensities of ions in the chemical ionization mass spectra.
The CI spectra of both TLC spots from the hydrolysate of cytokinesin II were again searched for ions characteristic of adenine, guanine, or zeatin. These ions were not found. We believe these experiments show that neither adenine nor The results of these studies provide evidence that the base found in both cytokinesin I and cytokinesin II is not adenine or a compound containing adenine. There is, furthermore, reason to believe that a derivative of hypoxanthine may be present in cytokinesin I and that hypoxanthine itself is present in cytokinesin II. The cytokinesins are, therefore, very different compounds from the 6-substituted adenine cytokinins such as ribosyl-trans-zeatin.
DISCUSSION AND CONCLUSIONS
The physical and chemical data presented above demonstrate that the cytokinesins, which are naturally occurring celldivision-promoting substances found in tumor tissues of higher plant species, represent a very different class of compounds from ribosyl-trans-zeatin which was isolated by Miller from the same tumor tissues. Cytokinesins I and II are probably substituted hypoxanthines and cytokinesin I contains glucose. In contrast, the base of ribosyl-trans-zeatin is adenine; the sugar is ribose. These three compounds can be readily separated from one another by a number bf different methods and each behaves as a pure substance in the several systems. The pertinent question to consider, therefore, is whether the cytokinesins are contaminated with ribosyl-trans-zeatin, as Miller suggests, and whether it is such a contaminant that is conferring biological activity on what we believe to be pure biologically active compounds.
An early step in the isolation procedure developed in this laboratory involves precipitation of the cytokinesins with mercuric acetate. While both cytokinesins are readily precipitated with mercury, zeatin riboside remains soluble in the presence of mercuric ion. No precipitation of zeatin riboside was detected from a solution containing Hg++ even after the solution had been held for prolonged periods at 40, followed by high-speed centrifugation. This early step in the isolation procedure would appear, therefore, largely if not entirely to eliminate ribosyl-trans-zeatin from the cytokinesin preparations.
A later step in the isolation procedure developed in this laboratory involves 500-tube countercurrent distribution in a butanol-water solvent system. In this system, cytokinesin I has a partition coefficient, or K, of 1.9 while cytokinesin II has a K of 2.75. Pure zeatin riboside in this same system has a K of 1.87 which is very close to that of cytokinesin I. Therefore, zeatin riboside and cytokinesin I cannot be separated in that solvent system. However, both of these compounds are cleanly separated from cytokinesin II with no overlap either of specific absorption at 275 nm or of biological activity. This finding would appear to preclude contamination of cytokinesin II with any ribosyl-trans-zeatin that may possibly have accompanied the cytokinesins through, the mercuric acetate precipitation and later steps of the isolation procedure. The question that remains, then, is whether cytokinesin I is contaminated with ribosyl-trans-zeatin. A When, during the isolation procedure, the thin band of cytokinesin I having an RF of 0.62 in butanol-acetic acid-water was carefully removed, eluted with 0.1 N HCl, and distributed through 54 tubes in countercurrent distribution in the n-butyl alcohol-water system, the resulting material showed a symmetrical peak which was in complete accord with the computer-drawn curve for a pure substance (2).
Zeatin riboside and cytokinesin I were both examined by CIMS. The samples were introduced into the mass spectrometer source on the end of a glass rod so that the sample was actually within the reactant gas plasma. This method, source insertion chemical ionization, has been described in the literature (10) and has been shown to be useful in obtaining the mass spectra of nucleosides (D. V. Bowen (11) . Our studies suggest, moreover, that the cytokinesins are more immediately and directly involved in the regulation of both cell division' (4) and cytodifferentiation (12) than are the adenine cytokinins by virtue of the cytokinesins' regulatory role in cAMP (3': 5') metabolism.
The cytokinesins are substituted purinones and they differ in a number of significant ways from ribosyl-trans-zeatin. 
